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To get a better computer simulation is the critical issue to shorten the developing time while the scroll compressors 
are putting practice in commercial products.  In this study, a practical computer simulation package for estimating 
the performance of scroll compressor has been founded, meanwhile, the experimental analysis with R22 refrigerant 
to validate the results data of which STC simulation tool calculated, also has been carried out. The performance 




Many papers have introduced the detailed mathematic models for scroll-type compressor (STC), such as Morishita 
et al. (1984~1986) derived the geometric parameters, the equations of motion, the dynamics of the scroll compressor 
in detail, Caillat et al. (1988) depicted an overview of the overall computer model for STCs. Recently, Lee and Kim 
(2001) described the developed performance simulation program that included consideration of both compression 
process and dynamic behavior of the moving parts, Chen et al. (2002) presented a comprehensive model that 
combined with a detailed compression process model and an overall compressor model furthermore.  To categorize 
prior literatures presented, this study has implemented a computer simulation package for the STC developing. 
 
To validate the simulated results with accurate experiments is very important procedure to put in practice for STC 
commercial products developing. DeBlois and Stoeffler (1988) have taught the detailed techniques used for 
measuring pressure-crank angle, pressure-volume and suction-compression-discharge processes of scroll compressor. 
The techniques feature the measurement of shaft speed and instantaneous pressures within the scroll compressor 
chambers in conjunction with the use of pressure and temperature measuring instrumentations, digital oscilloscope 
and data acquisition system. Marchese (1992) exhibited an experimental effort to measure the instantaneous 
pressures acting on an axially compliant orbiting scroll in detail. Therefore, following on the experimental 
techniques described, a valuable evaluating system for scroll compressor designer has been implemented in this 
investigation. 
 
2. SIMULATION STRUCTURE AND DESIGN PROCESS 
 
The simulation structure and design process of the STC computer package in this study have shown in Figure 1 and 
Figure 2, the overall mathematical modeling used in this STC simulation are summarized as follows. 
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Figure 1: The structure of computer simulation package in the study 
 
 Figure 2: The simulation flowchart for STC design in this study 
 
 
1. The geometry model of STC is based on the derivation of Morishita and Sugihara (1985), which included the 
calculations of major geometric parameters, the volume and acting force of each compression chamber versus 
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rotation angle of crankshaft, volume ratio, displacement volume, discharge angle combined with cutter effect, 
pressure ratio, required driving torque of crankshaft. 
2. The compression process model is simulated as the polytropic process, and the polytropic exponent can be 
obtained from experimental analysis with the specified design structure of STC and the applied refrigerant. In 
this study, the value of 1.17 of polytropic exponent for R22 refrigerant has been selected. Meanwhile, two 
leakage models are evaluated, which models are defined same as the leakage principles of the rolling piston 
type rotary compressor. 
(1) The end side leakage is caused by clearance area between tip and bottom of scroll wraps and is given as 







πδ −=&  (1) 
(2) The flank surface leakage is caused by differential pressure between compression chambers, and the 
leakage flow is through at clearance area between two adjacent walls of scroll wraps. This leakage flow 

































2ρ&  (2) 
3. The overall heat transfer models are simulated both of two types of flow models, which are the turbulent flow 
inside a smooth circular tube and over a flat plate respectively (Bayazitoğlu and Özisik, 1988). 
(1) The external refrigerant flows into compressor through a circular tube, the heat transfer coefficient uses 








⋅=  (3) 
(2) The internal refrigerant flows into suction chamber for compression, the local heat transfer coefficient is 







⋅=  (4) 
4. The dynamic behavior models of STC used in this study are based on Morishita et al. (1986) introduced, which 
included the equations of motion for orbiting scroll and Oldham coupling, forces which act on the orbiting 
scroll bearing, required power and torque to drive, the overturning moment of the orbiting scroll, radial sealing 
forces and overturning moment with compliant crank mechanism. In the other hand, the dynamically-loaded 
journal bearings used in the developing STC has been applied to predict the instantaneous journal center 
velocity with mobility method (Booker, 1965), and the maximum film pressure acting on the bearings surface 
has also been calculated (Booker, 1969), meanwhile, the loading distribution and friction loss of each journal 
bearing can be estimated.  
5. The refrigerant and lubricant properties analysis can be obtained from REFPROP 6.01 developed by the NIST 
(1998) and the oil suppliers. 
6. The energy balance model is an iterative process combined with compression process, overall heat transfer, 
dynamic behavior and motor performance models, Caillat et al. (1988) has given an overall scheme in this 
model simulation. 
7. Finally, The overall efficiency of the STC can be calculated as Equation (5)~(10). 














ρη  (5)  





































P=η  (7) 
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P=η  (8) 
(5) The overall efficiency of the STC: mmechcvsys ηηηηη ⋅⋅⋅=  (9) 





EER =  (10) 
 
3. EXPREIMENTAL VALIDATION 
 
3.1 Experimental system description 
Figure 3 is the schematic of the test stand with a semi-hermetic investigated STC that is low-side shell structure and 
applied with R22 refrigerant, and the experiment is implemented in a compressor calorimeter. Table 1 shows the 
detailed items and functions of each measuring tool used in this study that are strategically located in the STC to 
measure and monitor temperatures and instantaneous pressures in specified locations.  Figure 4 describes the 
specified 18 temperatures and 6 pressures measuring locations of the developing STC. 
 
 
Figure 3: Experimental apparatus in this study 
 
Table 1: The items and functions of measuring tools and instruments 
Items & Functions 
1. PCB 482A10 Amplifying power unit: readout measuring data 
2. PCB 111A20 Dynamic pressure transducers: 
Pressure measuring range: (1) PCB 111A21: ~125psi, (2) PCB 111A26: ~500psi 
3. Bently Nevada 7200 proximity transducer system: 
(1) High-pressure feed through:  
max. pressure rating is 400psi, operating temp. is  –45~121ºC 
(2) Proximity probe:  
power: -17.5~-26VDC, calibration range: 2mm (80Mils), scale factor: 200MV/Mil, 
operating temperature: -34~177ºC 
(3) Proximitor: 
operating temperature: -51~100ºC, power: -17.5~-26VDC, scale factor: 200MV/Mil 
4. PC based monitor system: 
Personal computer with 200Hz CPU, HP 82341D HP-IB interface card,  
HP 54602B digital scope operated at 150MHz, HP 3852A Data acquisition system with 20channels. 
5.Others: 
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(a) 18 thermocouple locations for temperature measurements 
(b) 6 piezo sensor locations for pressure 
measurements 
Figure 4: Temperatures and pressures measuring locations  
 
3.2 Experimental Procedure 
1. When the experimental system is setup, every measuring instrument has been calibrated, the STC for testing is 
assembled, the first procedure is to check whether the feed through would leakage or not. In this study, a 
pressurized refrigerant with 10kgf/cm2 is given to do the check. Thereafter, readout information from data 
acquisition system and digital scope, need to verify from 18 temperatures, 6 pressures and power consumption 
so as to make sure the testing system is reliable and accurately. 
2. Install the STC in the calorimeter, 6 operating conditions as Table 2 shows have been carried out for first step 
calibration. 
3. While the STC is in operation, the HP3852 data acquisition system acquired the detecting data of temperature 
and pressure versus crankshaft angle position based on 100kHz catch speed, meanwhile, to save these acquiring 
data and measuring data from calorimeter into the personal computer. 
4. Analyzed these data and check the deviations with the calculated results from the developed STC package. 
5. Revised the experimental system or the developing STC simulation package, and carry out the second step 
experiments until the deviation of results between simulation and measurement can be accepted in practice. 
 
Table 2: The operating conditions used in first step calibration 
Condition No. Discharge pressure (kgf/cm2) Suction pressure (kgf/cm2) Motor operating frequency (Hz)
1 10 2 40 
2 10 2 60 
3 20 4 60 
4 20 5 60 
5 20.86 5.36 50 
6 20.86 5.36 60 
 
3.3 Experimental Results 
1. For first step calibration, the STC are working at lower pressure conditions firstly as conditions 1 and 2. From 
Figure 5 shows, the STC has over-compression phenomenon while it is operating at 40Hz. Raised the discharge 
pressure to 20kgf/cm2 as conditions 3 and 4, and operated at 60Hz. Note that the same results of over-
compression status have been shown as Figure 6 and also introduced that the higher suction pressure of STC 
will produce higher over-compression pressure. 
2. To make sure the over-compression problems, the STC is operating at conditions 5 and 6 with 50Hz and 60Hz 
respectively. The over-compression is appeared as usual even though the STC is driven at different crankshaft 
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3. These results depict the discharge port location has some problems because the over-compression always 
presented in spite of the STC is operating at lower pressure ratio or higher pressure ratio conditions. 
4. Furthermore, the results of above experiments also show that the acquired pressure from piezo sensors, have the 
interlaced phenomenon during intermediary pressure flow (P2, P3 locations) upgrade to higher pressure flow 
(P4, P5 locations) in compression process. 
5. After modified the discharge port dimension and tuned the locations of P2~P5 of piezo sensors, the over-
compression and interlaced phenomenon are minimized such as Figure 8 shows. 
6. Based on above calibrations, Figure 9 shows the comparison of pressure versus crankshaft rotation angle 
between calculated results and experimental results of which the STC is operated at ARI conditions. Meanwhile, 
the second step experiments with different operating conditions have been implemented. The acceptable 
deviation of results between computer simulation and testing measurement has shown as Table 3. 
7. From Table 3 shows, the maximum deviations of cooling capacity, power consumption and EER between 
calculated results and real measuring results are 1.31%, 2.89% and 3.89% respectively. 
 
Figure 5: The results of operating conditions 1 and 2 
Figure 6: The results of operating conditions 3 and 4 
Figure 7: The results of operating conditions 5 and 6 
360º
Crankshaft rotation angle
(Pd =10kgf/cm2, Ps =2kgf/cm2, operated at 60Hz)
Crankshaft rotation angle




























(Pd =20kgf/cm2, Ps =5kgf/cm2, operated at 60Hz)
Crankshaft rotation angle































(Pd =20.86kgf/cm2, Ps =5.36kgf/cm2, operated at 60Hz)
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Figure 8: The results after location calibrations Figure 9: The comparison between calculated results and 
measuring results 
 
Table 3. The comparisons between simulations and experimental measurements 
Operating Conditions Cooling Capacity (kcal/h) Power Consumption (W) E.E.R. (kcal/h/W) 
No. Evap. Temp. 
Cond. 
Temp. Computed Real 
Error 
(%) Computed Real 
Error 
(%) Computed Real 
Error
(%) 
1 7.2 54.4 7948.6 7951.5 -0.04 3347.1 3329.4 0.53 2.37 2.39 -0.08
2 5.0 40.0 8504.3 8545.6 -0.48 2493.7 2567.8 -2.89 3.42 3.33 2.70 
3 5.0 50.0 7748.0 7745.4 0.03 3008.3 3038.4 -0.99 2.58 2.55 1.18 




This study results are summarized as below: 
(1) A practical computer estimation package of STC has been founded which can evaluate overall performance of 
STC in detail. 
(2) Using on-line data acquisition system combined with measurement tools and techniques implemented, the 
pressures and temperatures during compression process have been calibrated accurately. 
(3) After the calibration of temperature and pressure measurements, the validation of the developing STC package 
has been carried out. The performance deviation of the verified STC between calculated results and 




C  correction factor Subscripts 
D  tube diameter c  compression 
L  flow length d  downstream, discharge 
eR  Reynolds number e  end surfaces 
P  power consumption f  flank 
rP  Prandtl number i  inside 
cQ  cooling capacity l  leakage flow 
h  heat transfer coefficient of refrigerant flow m  motor 
k  thermal conductivity p  flat plate, scroll pump 
m  mass flow of refrigerant r  refrigerant flow 
m&  flow rate s  suction flow 
n  polytropic exponent t  circular tube 
Crankshaft rotation angle
























































C016, Page 8 
 
 
International Compressor Engineering Conference at Purdue, July 12-15, 2004 
 
p  pressure u  upper stream 
r  effective radius v  volume 
v  refrigerant viscosity   
δ  leakage clearance   η  efficiency   
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